We investigated the influence of temporal frequency on binocular depth perception in dynamic random-dot stereograms (DRS). We used (i) temporally correlated DRS in which a single pair of images alternated between two disparity values, and (ii) temporally uncorrelated DRS consisting of the repeated alternation of two uncorrelated image pairs each having one of two disparity values. Our results show that disparity-defined depth is judged differently in temporally correlated and temporally uncorrelated DRS above a temporal frequency of about 3 Hz. The results and simulations indicate that (i) above about 20 Hz, the complete absence of stereomotion is caused by temporal integration of luminance, (ii) the difference in perceived depth in temporally correlated and temporally uncorrelated DRS for temporal frequencies between 20 and 3 Hz, is caused by temporal integration of disparity.
Introduction
Since their introduction by Julesz (1960) , random-dot stereograms (RDS) and their dynamic version (DRS) have often been used to study the relationship between binocular disparity and depth perception in humans. RDS and DRS are powerful tools because in these stereograms disparity is the only source of depth. In order to extract depth from RDS the binocular visual system must solve the correspondence problem: which dots in the left retinal image match those in the right retinal image. This stereoscopic matching process is accomplished by neurons in V1 and V2 of the visual cortex (Barlow, Blakemore, & Pettigrew, 1967; DeAngelis, Ohzawa, & Freeman, 1991; Hubel & Livingstone, 1987; Poggio & Fisher, 1977) . However, depth perception does not always accurately reflect the disparity-defined depth of the stimulus (Van Ee & Erkelens, 1996; Van Ee, Banks, & Backus, 1999) . This might also be valid in dynamic conditions: what textural pattern we see and where in depth we perceive the disparity-defined shape may not be a simple matter of what is specified in the independent images of the stimulus. In dynamic stimuli, it is likely that stereoscopic matching is more complex.
DRS have been used to investigate (i) the levels of interocular correlation required for stereopsis, and (ii) stereomotion, that is referred to as motion-in-depth perception from purely binocular processes, i.e. in the absence of monocular cues (Cumming & Parker, 1994; Howard & Rogers, 2002; Patterson, 1999) . The general assumption has been that subsequent images of DRS are treated independently from each other by the binocular processes. A few studies measured perceived depth from changing disparity in DRS composed of randomdot textures that were either the same or dynamically changed on every frame (Allison & Howard, 2000;  Cumming & Parker, 1994) . In these studies disparity was changed between frames at high rates ($ 33 Hz), for both types of texture. These studies showed that matched depth was greater when the texture changed than when it remained the same. Allison and Howard (2000) explained the difference as a cue conflict between stereopsis and monocular depth cues. However, it is obvious that before any binocular interaction can take place, visual information is processed monocularly. Thus, both disparity processing and depth perception mechanisms could possibly be affected by temporal properties of monocular luminance mechanisms.
Numerous psychophysical studies (Burr & Morrone, 1993; Ikeda, 1965 Ikeda, , 1986 Swanson, Uneno, Smith, & Pokorny, 1987) have shown that responses to luminance impulses are temporally biphasic, with a negative lobe following the initial positive response (Burr & Morrone, 1993; Shinomori & Werner, 2003) . These impulse responses, which last about 150 ms, reflect the temporal properties of the visual system as a whole. Moreover, electrophysiological studies (Chichilinisky & Kalmar, 2002; Kremers, Lee, Pokorny, & Smith, 1993) demonstrated that impulse responses of retinal ganglion cells have similar temporal characteristics. Therefore, it is possible that the temporal properties of binocular mechanisms for disparity and depth processing are limited by the temporal (frequency tuning) characteristics of the luminance system. If this view is correct then, in order to derive the disparity-defined depth information, the correspondence problem is solved between left and right monocular luminance-averaged patterns that represent the retinal images after having been subjected to temporal integration of luminance. Then, binocular correspondence in DRS results from a cross-correlation-like operation between monocular luminance-averaged images. This explanation implies that the mechanism that limits binocular processing is located at the monocular level.
An alternative explanation for the temporal limitations of disparity processing and stereomotion perception was proposed by a number of studies which suggest that for temporal frequencies above about 8 Hz, depth in DRS and the failure to perceive stereomotion result from temporal summation of disparity (Beverley & Regan, 1974; Cumming & Parker, 1994; Howard & Rogers, 2002; Reagan & Beverley, 1973; Patterson, 1999; White & Odom, 1985) . According to this view, the mechanism responsible for temporal limitations of disparity processing and stereomotion is located at binocular level.
In brief, it is not yet clear which of the above-mentioned explanations (i.e. monocular vs. binocular) are responsible for the temporal limitations of disparity processing and stereomotion in depth.
In the present study we investigate which processes limit human binocular depth perception. First, we show how different types of DRS can be used for this purpose.
Then, we present the experimental results that show: (i) absence of stereomotion above 10 Hz in both temporally correlated and uncorrelated DRS, (ii) gradual decrease in stereomotion between 3 and 10 Hz in temporally correlated DRS, and (iii) gradual change from stereomotion to transparency in temporally uncorrelated DRS.
Predictions
In order to explore the limitations of disparity processing at high temporal frequencies we use two types of DRS that enable us to make clear predictions. We use (a) temporally correlated DRS in which a single pair of images alternates between two disparity values, 0 0 and 51 0 (Fig. 1a) ; (b) temporally uncorrelated DRS consisting of the repeated alternation of two uncorrelated image pairs, one having a disparity of 0 0 and the other a disparity of 51 0 (Fig. 1b) . In the temporally correlated DRS, the disparity of 51 0 is introduced by either symmetrical (25.5 0 and 25.5 0 ) or asymmetrical (17 0 and 34 0 ) displacement of dots in one image relative to that of dots in the other image. The predictions for the two types of DRS are summarised below.
At low temporal frequencies, stereoscopic matching occurs on a frame-by-frame basis. Therefore, it is evident that similar depths will be perceived in both types of DRS, namely two alternating depth planes at depths corresponding to disparities of 0 0 and 51 0 , respectively. Examples of stereoscopic matching on a frame-by-frame basis for temporally correlated DRS are shown in Fig.  2a and c (grey dots).
At high temporal frequencies, perceived depth will depend on the type of interaction between subsequent images.
(i) Monocular interaction: temporal averaging of luminance. If stereoscopic matching occurs between temporally averaged monocular images, disparity and thus, depth will be different for temporally correlated and temporally uncorrelated DRS: (a) Temporally uncorrelated DRS: Due to the fact that temporally uncorrelated DRS provide independent samples of dots on every frame, any dot in the horizontal direction of one eyeÕs luminanceaveraged image has only one corresponding dot in the other eyeÕs luminance-averaged image. If depth results from stereoscopic matching between the monocular luminance-averaged textural patterns then two transparent depth planes will be perceived at depths that correspond to 0 0 and 51 0 , independent of temporal frequency. (b) Symmetrical, temporally correlated DRS: Due to the temporal properties of luminance mechanisms, the monocular textural patterns of temporally correlated DRS are composed of Ôpairs of dotsÕ (left side of Fig. 2b ) because the same textural pattern is used on every frame. If depth results from stereoscopic matching between the luminance-averaged textural patterns then, due to correspondence that is not possible in the separate images, a single depth plane will be perceived at an intermediate depth that corresponds to the disparity of 25.5 0 (black dots on the left side of Fig. 2c ). (c) Asymmetrical, temporally correlated DRS: If depth results from stereoscopic matching between the luminance-averaged textural patterns (right side of Fig. 2b ) then, again due to correspondence that was not possible in the separate images, two transparent depth planes will be perceived at intermediate depths that correspond to disparities of 17 0 and 34 0 (black dots on the right side of Fig. 2c ).
(ii) Binocular interaction: temporal summation of disparity (at identical locations). If depth results from temporal integration of disparity, we can qualitatively predict that the two types of DRS will be perceived differently due to the distinct spatial configurations of dots in the two types of DRS, namely (a) we will see two transparent depth planes in temporally uncorrelated DRS due to the fact that different disparities occur in different binocular visual directions, and (b) we will see one oscillating depth plane in temporally correlated DRS (due to the fact that different disparities occur in the same binocular visual direction), whose perceived depth will change gradually with temporal frequency. Perceived depth will reflect more accurately the disparity components of the stimulus with decreasing temporal frequency. Quantitative depth predictions are difficult to be made now because we do not know the temporal extent of binocular temporal integration. This issue will be thoroughly discussed in Section 5.
It is important to mention that in this study we refer to temporal summation of disparity as summation of disparities at identical locations, and not to disparities across different locations. If temporal summation of disparity would occur across locations, then in all types of DRS we would perceive a single depth plane at the disparity of 25.5 0 , independent of whether disparity would be introduced by symmetrically or asymmetrically displaced dots in the two images. If this would be the case, than perceiving transparency in DRS would not be possible.
The above-mentioned predictions will be tested in the next experiment.
Methods

Observers
Three subjects participated in all experiments. Two subjects (LW and ME) were naive with respect to the purpose of the experiments. None of the subjects showed any visual or oculomotor pathologies other than refraction anomalies. All had normal or corrected-tonormal visual acuity. They were checked for normal stereopsis by means of a recently developed stereoscopic depth perception test (Van Ee & Richards, 2002) .
Stimuli and procedure
The stimuli were large RDS of 64 (width) · 48 (height) deg. The stereograms consisted of randomly distributed bright dots (square-like elements) on a dark background (5% dot density). The dot size was 8.5
0 . The RDS were generated in real time at a frequency of 70 Hz by an HP 750 Graphics computer and backprojected onto a fronto-parallel translucent screen by a D-ILA projector (JVC DLA-G11E). Stereoscopic vision was made possible by placing red and green filters in front of the observerÕs eyes so that each image was visible to one of the eyes only (light separation between red and green filters that were matched to the projector guns was better than 99%). The experiments were performed in an otherwise dark room. Before each trial, the computer generated two stereograms whose left and right image pairs (L, R) which we denote by (A, A) and (B, B), were fully correlated. The patterns A and B were uncorrelated. The DRS consisted of the ongoing alternation of two image pairs. Successive images contained different disparities, such that, when displayed in alternation, they resulted in a square-wave like modulation of disparity over time. The size of the disparity-defined square was 6.8°· 6.8°and the two disparities were D1 = 0 0 and D2 = 51 0 (crossed disparity). Two types of DRS were used as test stimuli (i) temporally correlated DRS in which a single image pair (A, A) alternated between two disparity values, 0 0 and 51 0 (Fig.  1a) , (ii) temporally uncorrelated DRS that consisted of the continuous alternation of two image pairs: (A, A) and (B, B) respectively, one having a disparity of 0 0 and the other a disparity of 51 0 (Fig. 1b) . Due to the fact that the same textural pattern is used in temporally correlated DRS, the disparity-defined shape steps in depth relative to a static background whereas in temporally uncorrelated DRS, the depth of the disparitydefined square is judged in respect with a dynamic background. In order to make the relative depth judgements as comparable as possible for the two types of DRS, we used also a dynamic background for temporally correlated DRS (i.e. the background has different random-dot textural pattern on every frame). In two separate experiments, the disparity D2 was introduced by displacing the dots in one image relative to the dots in the other image (1) symmetrically (25.5 0 and 25.5 0 ), and (2) asymmetrically (17 0 and 34 0 ). For both types of DRS, the presentation times of the two images were adjustable in steps of 14 ms, between 14 and 210 ms. The step size (14 ms) for the presentation times was dictated by the frame rate of the projector. Different frame durations, i.e. temporal frequencies were presented in a random order within each individual session. For both types of DRS, each temporal frequency was measured ten times. In the experiment in which disparity was introduced by asymmetrical displacement of the images, we used only very short frame durations, namely 14, 28, and 42 ms. The reason was that for frame durations longer than 56 ms, due to the asymmetrical displacement of the images, motion in depth judgements might be influenced by the lateral movement of the disparitydefined shape. In all experiments, the DRS were presented on the screen until the subject gave his/her answer.
We used a forced-choice paradigm and a depth discrimination task in which the subject indicated (by pressing a key) whether the disparity-defined square in the test or in the reference stimulus was most close to him/her. The reference stimulus was a static image pair, (A, A) that contained a disparity-defined square of constant disparity D. The disparity D of the reference stimulus was varied in small steps (2.125 0 ) between 0 0 and 51 0 . For each temporal frequency, a normal cumulative distribution function was fitted to the depth discrimination data and the disparity at the 50% level was taken as the value for matched depth. For both types of DRS, two separate depth discrimination sessions were carried out. In one session the subjects judged the depth of the near plane, whereas in the other they judged the depth of the far plane.
A control experiment was carried out in order to investigate whether monocular motion perception might influence stereomotion perception in our temporally correlated DRS. The reason is that stereomotion in temporally correlated DRS might be detected by means of a mechanism that first detects monocular motion (velocity signals) separately in the two eyes and then computes motion-in-depth from the interocular velocity differences. The stimulus used to examine monocular motion perception was the monocular version of the symmetrical, temporally correlated DRS. For this experiment, two shapes (squares) whose random dot textural pattern was the same on every frame were hidden on the left and right side of each image. In successive images the two squares were displaced either in the same direction (i.e. in phase) or in opposite directions (i.e. out of phase). The displacement was 25.5 0 . The two shapes were embedded in a dynamic background whose random dot textural pattern changed on every frame. We used a forced-choice paradigm and a motion direction discrimination task in which the subjects (ME and LW only) indicated whether the two squares moved in phase or out of phase. The presentation times of the images were adjustable in steps of 14 ms, between 14 and 252 ms. Each temporal frequency was presented 20 times to each subject in random order. We used a level of 75% as the criterion for reliable motion direction discrimination.
Results
The matched depths obtained from the symmetrical, temporally correlated DRS (black filled and open circles) and temporally uncorrelated DRS (grey filled and open squares) are shown in Fig. 3 as a function of frame duration and temporal frequency. On average, at temporal frequencies above 10 Hz (frame durations shorter than 56 ms) in symmetrical, temporally correlated DRS the subjects perceived a single steady depth surface whose depth was matched to 25.5 0 (black dots). At these temporal frequencies, in asymmetrical, temporally correlated DRS the subjects perceived two transparent depth surfaces whose depths were matched to 34 0 and 17 0 (black filled and open triangles), respectively. For temporally uncorrelated DRS, the subjects perceived always two transparent depth planes whose depths were matched to 51 0 (grey filled squares) and 0
0 (grey open squares). At temporal frequencies lower than 10 Hz, for symmetrical, temporally correlated DRS, the subjects perceived the single depth plane undergoing apparent oscillation in depth. This oscillation was perceived as a rapid movement towards and away from the observer. The amplitude of the oscillation, i.e. the perceived depth of the near and far depth planes (black filled and open circles in Fig. 3 ) increased gradually with decreasing temporal frequency. On average, when the frame duration was about 168 ms (corresponding to a temporal frequency of about 3 Hz), the subjects perceived the single depth plane oscillating in depth between the depths of the separate image pairs, namely 51 0 and 0 0 . The results also indicate that the errors of estimating the matched depths were different for the two types of DRS (compare error bars for circles and squares). For temporally uncorrelated DRS (grey filled and open squares) the size of error bars was small and approximately the same over the entire range of temporal frequencies (36-2 Hz). For temporally correlated DRS (black filled and open circles) the size of error bars varied as a function of temporal frequency, namely the errors were small for high and low temporal frequencies (above 10 Hz and below 3 Hz) and were larger for intermediate temporal frequencies (between 10 and 3 Hz). The variation in error size could be the result of short inspection times for perceived near/far depth planes at intermediate temporal frequencies and long inspection times at high (static percept) and low temporal frequencies.
One can notice that by using temporally uncorrelated DRS consisting of the continuous alternation of only two different patterns, (A, A) and (B, B) respectively, we obtained similar depth percepts (i.e. two depth planes whose depths were matched to the component disparities for the entire range of temporal frequencies) as those reported by authors who used temporally uncorrelated DRS in which image pairs contained different textural patterns on every successive frame (Norcia & Tyler, 1984) .
One may think that the difference in matched depth for the two types of DRS is due to an increased effective dot density obtained by monocular integration mecha- nisms across several frames. In pilot experiments in which we used different dot densities, namely 10%, 15% and 20% respectively, we found the same pattern of results as those obtained with 5% dot density. Thus, we can reject the possibility that an increase in effective dot density contributed to the difference in matched depth for the two types of DRS. Similar findings about the role of dot density have been reported by Allison and Howard (2000) .
Control experiment
Monocular motion direction-discrimination results (% correct answers) are shown in Fig. 4 as a function of frame duration and temporal frequency, for subjects ME and LW. The subjects performed below the 75% level for all temporal frequencies. These results indicate that the monocular displacement of 25.5 0 was too large to allow monocular motion perception.
Discussion
Simulations of temporal integration in stereoscopic system
In order to understand which mechanisms play a role in the temporal properties of human stereopsis, we implemented known properties of the visual system in a simple model. The model consists of three sequential stages of which the temporal properties are relevant for stereopsis: (1) monocular image formation, (2) disparity detection, and (3) integration of binocular disparity (Fig. 5) .
Monocular image formation is temporally limited by the temporal integration (filtering) of luminance. Filter characteristics are described by the impulse response function (IRF) in the time domain and by the temporal-frequency tuning (sensitivity) function in the frequency domain (Burr & Morrone, 1993; Shinomori & Werner, 2003) . An example of an IRF and its associated temporal-frequency sensitivity curve is shown in Fig. 6a and b. In the model, the monocular filter was modelled by the impulse response function (Fig. 6a) . As an illustration, Fig. 6c shows several examples of monocular temporal integration for successive luminance pulses in the two alternating images (Image 1 and Image 2, respectively), presented at different temporal frequencies. These examples show that DRS can be regarded as static above about 20 Hz. It is important to mention that temporal integration of luminance cannot explain the gradual depth changes shown in Fig. 3 for temporally correlated DRS, because (i) the depth changes occur at much too low temporal frequencies, and (ii) luminance integration smoothes changes in brightness but not in perceived location.
Disparity detection may also limit the temporal properties of stereopsis. However, disparity detection must be faster than 25 ms, the time period associated with the temporal frequency of 20 Hz. If disparity detection would be slower, then our subjects would have experienced the DRS as rivalrous in a range of temporal frequencies. This conclusion is in agreement with earlier reports that stereopsis is possible during viewing of transient stereograms (Gheorghiu & Erkelens, 2004; Julesz, 1964; Uttal, Davis, & Welke, 1994) . Temporal integration (filtering) of disparity is modelled as a low-pass filter. The temporal window of the binocular integrator (causal and bell-shaped) was estimated from the matched depth results for symmetrical, temporally correlated DRS (Fig. 3) . From the matched depth results for symmetrical, temporally correlated DRS (Fig. 3) we derived the temporal-frequency sensitivity curve of the stereoscopic system, that is, the relative amplitude of depth oscillation as a function of temporal frequency. The relative amplitude of depth oscillation is defined as the ratio between the perceived oscillation in depth at a certain temporal frequency and the maximum perceived depth oscillation (i.e. at a low temporal frequency of about 2.5 Hz). Fig. 7 shows the experimental temporal-frequency sensitivity curve (gray continuous line) derived from the results of three subjects. For comparison, Fig. 7 also shows the luminance temporal-frequency sensitivity curve (black dashed line). Fig. 7 shows that the temporal-frequency sensitivity curve for luminance temporal-frequency sensitivity curve for the luminance system is an order of magnitude higher than the temporal-frequency sensitivity curve for disparity. The equations that describe both temporal filters are shown in the Appendix A. Fig. 8 shows examples of depth fluctuations caused by temporal integration of disparity. The simulations show that maximum and minimum values of estimated disparity (i.e. the amplitude of oscillation) decrease with increasing temporal frequency. Computed values are shown in Fig. 9 . Comparison with the experimental data of Fig. 3 shows that there is good agreement with the results for temporally correlated DRS.
Depth perception in temporally correlated and temporally uncorrelated DRS
In brief, in this study we assessed the effects of temporal frequency on depth perception from alternating disparities in temporally correlated and temporally uncorrelated DRS. The main findings of the experiments are as follows: individual image pairs. At these low temporal frequencies perceived depth oscillated between the two component disparities. (ii) At intermediate temporal frequencies (between about 3 and 20 Hz), disparity-defined depth in temporally uncorrelated DRS was perceived as two transparent and flickering depth planes whose depths corresponded to the component disparities. The perceived depths of the transparent depth surfaces were approximately constant over the entire temporal frequency range. At temporal frequencies between 3 Hz and about 20 Hz, perceived depth in symmetrical, temporally correlated DRS oscillated between extremes that varied as a function of temporal frequency. The fact that a single depth plane was perceived oscillating in depth between two levels that were less separated than predicted by the independent images indicated the existence of a temporal integration of disparity mechanism from which depth and stereomotion are derived. (iii) At high temporal frequencies (above about 20 Hz), perceived depth was static and different for the two types of DRS, namely two transparent depth planes in temporally uncorrelated DRS and a single depth plane in temporally correlated DRS. At temporal frequencies above 20 Hz, both texture and depth were perceived as static. At temporal frequencies between 20 and 10 Hz, perceived depth was static whereas the textural pattern flicked. Simulations for temporal frequencies higher than 20 Hz indicated that depth in fast DRS is the outcome of stereoscopic matching between monocular inputs that represent the retinal images after having been subjected to a process of monocular temporal integration of luminance. Thus, as far as depth perception is concerned, fast DRS are indistinguishable from static random-dot stereograms. The fact that above about 20 Hz, depth in asymmetrical, temporally correlated DRS was matched to 17 0 and 34 0 , respectively and not to the component disparities (0 0 and 51 0 ) supports the conclusion that at high temporal frequencies binocular matching and disparity detection occurs between monocular, temporally averaged patterns. Additional evidence for this conclusion comes from the fact that in binocular viewing, the textural pattern consisted of pairs of dots (see black dots in Fig. 2c, left panel) . If temporal summation of disparity would have caused the perceived textural pattern, it should have been composed of single dots resulting from depth averaging of the same pattern (i.e. a single dot that is at the average depth of the gray dots in Fig. 2c ). In pilot experiments, we presented temporally correlated image pairs whose textural patterns consisted of a single dot and we examined at which temporal frequency perception changed from one to two dots. On average, the transition occurred at about 10 Hz.
Minimisation of disparity gradients in temporally correlated DRS
Perceived depth in symmetrical and asymmetrical temporally correlated DRS at temporal frequencies above 20 Hz (when the DRS are equivalent to static stereograms) shows that matching is based on minimisation of the disparity gradient. In symmetrical, temporally correlated DRS, stereoscopic matching on a frame-by-frame basis leads to successive matches in the same binocular visual direction (grey dots in Fig.  2c ). This arrangement is similar to the well-known double-nail illusion (Krol & van de Grind, 1980) in which two bars presented simultaneously in the median plane are seen as two side-by-side bars. In both symmetrical and asymmetrical, temporally correlated DRS, stereoscopic matching on a frame-by-frame basis (grey dots in Fig. 2c ) causes disparity gradients higher than 2 which are not valid solutions. On the other hand, for both symmetrical and asymmetrical, temporally correlated DRS, stereoscopic matching between temporally averaged monocular images determines disparity gradient lower than 2. The present results show that the temporal frequency above which the disparity gradient is a relevant parameter is limited to about 10 Hz. 
Mechanisms for dynamic depth and stereoscopic motion in depth perception
In the psychophysical literature, it has been suggested that two mechanisms could be used for stereomotion detection: (a) a mechanism sensitive to temporal changes of binocular disparity (Cumming, 1995; Cumming & Parker, 1994; Lages, Mamasian, & Graph, 2003; Norcia & Tyler, 1984; Regan, 1993; Tyler, 1971) . This mechanism first detects disparities and then computes motionin-depth from their changes in time. This mechanism can contribute to motion-in-depth in both temporally correlated and temporally uncorrelated DRS, (b) a mechanism sensitive to interocular velocity differences (Regan, 1991; Regan, Beverley, & Cynader, 1979; Shioiri, Saisho, & Yaguchi, 2000) . This mechanism first detects monocular motion (velocity signals) separately in the two eyes and then computes motion-in-depth from the interocular velocity differences. In the latter model, depth and motion-in-depth are computed by independent mechanisms (Cumming & Parker, 1994) . It is highly unlikely that interocular motion processing contributed to our results. One should be aware of the fact that this system can only contribute to motion-in-depth in temporally correlated DRS. The displacements of the dots in the temporally correlated DRS, however, were so large (25.5 0 ) that the monocular images of these DRS did not induce monocular lateral motion. Therefore, it is unlikely that interocular motion processing system contributed much to motion-in-depth. Furthermore, one would expect motion-in-depth between the component disparities in temporally correlated DRS to be superior to that in temporally uncorrelated DRS. However, the reverse was the case. Our results showed that stereomotion in temporally correlated DRS, was perceived as depth modulations between two depth planes that were less separated than predicted by disparity in the independent images. Our simulations suggested that the reduction in stereomotion results from temporal integration of disparity. We suggest that the differences in perceived depth for temporally correlated and temporally uncorrelated DRS reported by Cumming and Parker (1994) and Allison and Howard (2000) are caused by temporal integration of disparity.
It has been suggested in the psychophysical literature that even if motion-in-depth is based on dynamic changes in disparity, it is still possible that these dynamic changes are detected by a mechanism that is independent of the one that detects static disparities (Regan, Erkelens, & Collewijn, 1986) . However, Cumming (1995) and Cumming and Parker (1994) suggested that motion-in-depth relies on registering changes in the output of the same disparity detectors as those that are used to detect static disparity. Recently, neurophysiological experiments (Nienborg, Bridge, Parker, & Cumming, 2004) showed that the temporal frequency up to which disparity selective V1 neurons were able to modulate their response in relation to disparity modulation was 10 Hz. This value was lower than the high cut-off frequency in response to drifting luminance gratings. These authors suggested that the difference might reflect the time constant of some input elements. Nienborg et al. (2004) highlighted the possibility that the output time constant of disparity selective neurons in V1 limits temporal resolution for disparity. In brief, these authors suggested that the temporal resolution for detecting modulation of disparity is limited by the temporal frequency up to which disparity selective V1 neurons are able to modulate their response.
